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2 <Dgm'»*ift#ja*asija £ nfcm 2 cofitetf u o a** 

¥*flej|0tWI<*tt. IIM2JI5i;ftaC$S2©aMl;#y*A 

c v d nfca^gtt^x -f T- s s as 
m2tittm.®>?> 7 xjK±**ett<b*nTv»* n ££i# 
mt-rzft&stytm?. io 

[»*JS2] iWIE3Bl&^JB2 0^b^fU'>A3R*i» 

y ^A**##jiiBuctt, » i o»*fflej»o«flsj!f u 

7 r»#»/«3ftTV»* £££#«£: 

0«flSSfU *KttKHjEttafl2/f'J 20 

2 ©*«s©^*e*j&«»in$nfc3B 2 costetf u ^ 
SMS* i o o 0 7>i5i 4 o o*ccfla*ftU£ft;;tfy C7 

£5 0'C7iS2 0 0r7^tTtf^M4&£m&nLfc^{fc;tf 30 

V \ t @&M&L-rz>®mt. Wig.&W.\Z3 0 OTC^S 6 0 

0 "Cfc* tfTtf gfb# y £ 5 

tfL-TZmfet. S*fSg£l 0 0 0 75S1 4 0 oncSD 

£nfc&. rtSB©j£73£6 0 0 7^5 9 OOTorrM 
«7 6 0 To r r \zmm.-?Z>WiV£t.. ^©iSO^I 
T. 2B#rfl^5.3^S^BbT*«rS^ ; £:. 40 
■C S «»ft5 SKI fc* 6 ft * HfiJBtXfCffifi* 

J£. 

(If*f 6] ffiG^&tttfXtt. S*X»4He. Art?* 

777li. 31 1 C0^«S© I n (x) A 1 (y) G a (z) 
N¥i^I (x t y + z S I . 0 S x St. 0 S y 
S 1. 0 S z S 1) £. |g 1 I n (x) A 1 

(y) Ga(z)N¥^f£Ji (x + y + z S I . 0 S x 
£ 1. 0 £ y £ I. 0 £ z SI) #*5ft«6ttJI 50 



£, I2?)itS©I nd) A 1 (y) G a (z) N*»* 
Jg (x +y + z S 1 . 0 S x S I. 0 S y S 1. 0 

s z £ i) tsafl^fcWfefejtes^ofijfefrSsK 

*3^T, Pllntx) A 1 (y) G a (z) N¥^#Jg (x 
ty + z S I , 0 S x Si, 0 S y S 1. 0 S z 
S 1) S»*t5l8^. *t'J7^*«**»i:^ 

7 %«±T35£ C £ 6#Itr*tfi583l6*f 

[§t#J§9] lT77-f7S1S±i;Al(a) Ga(b) N 
(a + b S 1 , OS a Si ) i^5&5/ty7rl 
£, «lilS©In(j) A 1 (y) Ga(z)N*3#i 
(x + y + z S 1 , 0 S x S 1. 0 S y S 1. 0 
S z S 1) £ " JB 1 ill® I n (x) A 1 (y) G a 
(z) N^mfrm (x + y + z S 1 . OS x S 1, 0 
S y S 1. 0 £ z £ 1) *Sfc*flH£JB£. W,2<D 

mmm<D i n (x) aiw g a (z) n^^*® (x + y 

+ z S 1 , 0 S x S h 0 Sy S 1. 0 S z S 

i) t, sjifliufcwe^jtSToais^rffiKfivJT. 

PS I n (x) A 1 (y) G a (z) N^lg#Ji (x + y + z 
Si . 0 S x £ 1, 0£ y S h 0 S z Si) 

»ai-r*xs£. s^4 o or^iwras 

1] ±E«««10i:6V»T, e«»3»x 
S«t»0— )«SfflflE^6 3 5 0*C~6 0 O'CcDrSS 

[0 0 0 1] 
[0 0 0 2] 

[*£*©&«] jfi^F, CaN, InGaN, GaAIN 
-f*-H (LED) tf-y-r^— K (LD) 

[0003] *fc#y*AJMfc*#)*«flEettofc*e 



( 3 ) 
3 

lt«, mz.\*. #^^4-3 21280-5- 

«. ^77^^12 0 Q<Dii\zny7 rM2 0 1 £^ 
LTSiSnfcNSG a N¥g#Jl 2 0 2. PSGaN 

*@2 0 2, PSGaN^3H*@2 0 

-5. 

[0 0 0 4] £<Z3«fc3&#feSS3feifH 1 «:§iirr-5K:«. 10 

cooo5] -73. ^gtt5Sfx+T?oi«»aiatt, 

1 2 5 2 2 2^*BKEJfi*«**. b^b^ 

[0 0 0 6] 

[0 0 0 7] Z.O&olS.f&T—— )VTM&J&tt*Z.t 30 

at, is*-*fflswm*iaM3-8-s!e**-cfc<, 600 

tCftSOT, HIM* 5 

#te©£{fc^, ^B^jfcns?— c^bicioT. 
[0 0 0 8] fcT. #«9!<OB«tt. 8Jigia©'>& 

[0 0 0 9] #3Stpi©<t!l©Bl5<Jte. ^SiOOi^Sffc 40 

[ooio] *»^©iec«&oBWtt. fi^iciSbfe^ 

[ooii] *%BiK)MtcffiioSM«. «3t^fS*<^:€f 

[0 0 12] 



#!Pi¥9 - 1 2 9 9 2 9 

. '• 4 

«^^3nfc*l©£{t#y?A*¥i»fl:»d:. UK 
WKJfcEfcSMbtfy 9AJMW*S1£JI&. fttTCS 1 <D 

mmm t 2 omns^^wnnfimsa s n/tss 

[0 0 1 3] x. *Jffli:J:*tflJBI6*TcDttto!rS 

[0 0 14] K±OJ:5«t«lJ«CJ:D. *&W\ZJin 
[0 0 15] 

[0 0 16] *fc3tfU*A*fc£**W#*£«#*'-f 
*— Kitt, *7r-f -WMSi o 0©_L{;:, gfttfy? 
AS¥«*A777ll0 1. 3fls:*fy9AJRNS2j*i* 
#3>^H10 2«»»*3ft, ^-©±tC. gflstf'J 
9AINS^^5 7HI10 3. SEffctfy^A** 
0 4. ftfctfy.9A*P9¥*tt??y H 
1105, Sft;^f'JC7A*PS¥**3>^^ hS l 0 

KI10 5 Klj»ttbfc«ffi 1 0 7A*MSnT^5. 
[0 0 17] #fg0HT«. gWJ7A^ifti:L 
T. InAlGaNft§***#Sfflt»fc. £fttt, 
©Ji&i&^PM-rsCltT, (£«H©*fe^)t5iIt5 

dTTtt. I n A 1 G a Nfls^«¥*fl«0«-/*a-fcfc**-r 
fca&JZ. In(x) A 1 (y) G a (1-x-y) N<hV>3*fE£ 
So. uit, O^x £ 1. 0 £ y £ I t. x + 
y ^ 1 #Sifc;*ftT</>-5. 
[0 0 18] fZ»3fiNS#**A*>» 77l 1 0 

1«. £fls#y£A*sN»#:3>^ hM 1 0 2 t. U- 

77-ftssi 0 0 tro^T-raco^s-s-^ffifo-r-sfe© 

In(x) A 1 (y) G a (1-x-y) N©§A5/- 
^©fiite. WAtf. 0 £ x£ 1. 0 £ y ^1 JfiL 
<«. 0 ^ x £ 0.5. 0 £ y S 0.5 ICiilKm-5. 
[0 0 19] &{£XV<y&XNm¥*#Zl>?>7 hJI 1 



( 4 ) 
5 

<D-?$>Z>. In(x) A l (y) G a (l-x-y) NCD3-/\°5;< 

0 2 CDi§£\ #lx.«. 0 ^ x£ 1, 0 £ y ^ 1 
L<(i. 0 ^ x ^ 0.3, 0 S y ^0.3 KiMfcfn 
-5. ^teO, NItt5t»l:. -><Jn U->£H 

x 10"cm-'-ea&5. 
[0 0 2 0] ift^UfASNl^^^y Kg 1 0 
3tt, »3WH«*»J«-r* P I N^fflN«$:Mt 10 
•5. In(x) A 1 (y) G a (l-x-y) N0&A7^-^0 

*.«. 0 25 x ^ K 0 < y=S 1 »$L<(1 0 S x 
SS 0.3, 0. 1 SS y ^ 1 CSfcEtlS. X, -^«t), 
i:T3fc * K, > U n >^-fe > i v^o fcTMft* 5 
Ss;tJ0$m:v>-5j&*, ^W^M^iS/Ste. 3 x lC'cm-'T- 

[0 0 2 1] SMt#y*A«¥»#S£Ji 10 411 % 

CDjiX&S. In(x) A 1 (y) G a (l-x-y) N<D&/U 20 

•5**, Will 0 x £ K 0 £ y 2S 1 #£L< 
«> 0 22 x?S 0. 6, 0 =2 y^ 0. 51CiM«ns. 
[0 0 2 2] ^WJ^A^PS¥i#?7y Kg 1 0 
5tt. 38*iB*S»)S6t5P IN^©Pffl*Mt 
-5. In(x) A 1 (y) G a (l-x-y) 
ffltt. aflS^f'J9A3RNS»*l»fls^5y Kg 1 0 3Rtf 
gfttf'J *AJR¥*{WgttJl 1 0 4 £©W»T?. %t££ 

•e-fcv»iS*icj:-3Tai[BiaEsn**«, o 2s x 

2^ 1. 0 2S y 2S 1 ffiKH 0 2S x 2i 0. 3, 0. 30 

1 25 y 25 1.0 Kjgtfn*. X, PSi:-r-5fcJ6lC. 

mdOSnT^-S. ^M4fcfi£tt, 3 x lC'cnr'T**. 
[0 0 2 3] Sfb#y?A*PffliMMIe:J>:** Kg 1 
0 6 tt. «S 1 0 7mD3>^^ K®£t8tt^>75:«e><Z)fc 
In(x) A 1 (y) G a (l-x-y) NCDg-zt^;* 

0 2 0»^ «*.tf, 0 25 x25 1, 0 25 y 25 1 »S 

L<«, 0 25 x 25 0.3, 0 25 y 25 0.3 KSfcfn 

Z. X, PSfrSfc^C. V^^v-i— A, ^ 40 

M#J*««, 8 x lC'cm^X**. 
[0 0 2 4] 11107(1 Sfl5# 'J r7 A«*ai«ciStt 

g i o 4<BS83teic&v>LTa!9!£««T?**. a*wk: 

«, I TO W>>7a-A • f > • ^-tt-f CO=fco 
fc&«£tt*©{b^tt;fr6#J«Sft*a*. Al. Ni§ 
<£>&Jg < J^fiSc b T fe «fc Ir*. 

[0 0 2 5] 1I108H fc^-*©ffit*5*«, 
4#ICS^T?*-5!^Stt/«CV^. #!x.H Ti, A 1 . N i 
fOMtMl/Tfei^. 50 



4*M¥9 - 1 2 9 9 2 9 
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[0 0 2 6] «±C0IS^T«, I n (x) A 1 (y) G a (1 
-x-y) NCD#/t5^-^C0tt«. gfctfU r7A^NM¥ 
m&iryy f-'HO 3 g-fttf 'J 'JASRPfi*!^ 

5 y Kg 10 5 <ZVX> K*-V y Zftf. gflStfU £AJS¥ 
iMtti l 0 4©;o^t7^i0fe^<ft5J; 
58tJ66nTVi-5. dOi^lcT^iltlCcfc-DX, 
#'JS7A*i|M*fleSH4Ji 1 0 4^Sh*+t'J70 

[0027] ^neotMu ">A»¥i#:coai^ 

2IC. CVDS«©SWS€*-r. 

>A*2 0 i, -tO + KK»tenit*«*;^2 1 t, R 
jStf^Al^ 2 <h. »af2 3t. *«*;l^2 1C 

[0 0 2 8] 5feT. WSL-fr)\,#2 l tt-7rf?W&L\ 
00£i£fiL, I^?t>A2 0W7 6 0imTo 

X«, Ga (CH , ) lti(CH , ) , , Al (CH , ) 

t&lCtgA^tlS. .SJ&ffiTjte. *5760TorrT£> 
[0 0 2 9] i©J:5(CUT, Sfctf'J 

JDT^fefelC, ®^ SiH. -^CP, M g 
[0 0 3 0] H3*#Sl/T, Sftl^fU^A***** 

»«-rsBso. xa?* 2 o rtoiaatflssK^t 

-5. 5feT, 10 0 OTiSl 4 0 CCfiflAtf 

l 2 o o'Cic±vfT. g{fc#U ^AJ&^ffcAy^rS 
*^-T-5. 5 0t7';5 2 0 0*C?>, HP 

^80 OTiS 1 2 0 0'Ci£W-5. fiajx.fi 1 2 0 Ot:© 
1 1 0 orSTWT, ®^/=£^FM^5:^finL,fc 

©^fiKX«. ?a/g^S(Cl3 0 0V.fr£>6 0 O'C^Ttf 

s. m*>> i i o orco^-g-, ^z.n^<bm7L\SiG o ot: 
o o'CSTTVfs. ISir, *SSl£*SataSJ 
©rSlg. 1 0 O'CfC-BfT, PS?7y h'g-^ 

[0 0 3 1] *%^X«, CICD^. Jt£^r>A*2 Ort 

tt^iL-TH Slfl*fflV^©*ijffSL'V^t, He. Ar 

[0032] jt^v wt2 o^eft^x-eiUfcsn 

rtSPWEETJ^e 0 OT'/Mg 0 0 To r r CTx.«7 

6 0Torri;lIU, -S-OiiO^lT?, 2H#fgJ^6, 

3B#r H igs&g-r-5. -rst. *«a/g*<. 

;U («>Ltftt2 5=C) itwsot. •y-7r-f-v , *« 



( 5 
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[0 0 3 3] &>±<D£?lZM£ ; ? J r>/12 Oa^J&OfiJ 
[0 0 3 4] afcfSffTte, S$ft>A2 O^e^Otii 

aftfc-y-7 7'-f-v , a&iRi::, a«atuT03»7--;n£ 

ft 3. b^u jgricsn/tsd^afr-b, 10 

\z ttm b TRftSfiflE***:* < & 5 MP*]*** * . 
[0 0 3 5] iCSitt, ifecc>J;^(c#x.^n-5. -ffc 

7=.— ^*fft>TV>*j8«. $fc«bT*S£*IRK:igttrt: 

AWotv^. 55 9 ©9 9 ^fi^Sttc^^^^-CTS: 

ffcoT. SA^ftfc+i* 'J7O#ft0Oi# 

A*-e#&V>. 20 
[0 0 3 6] Cni:^l/T, *aWO«fc5!tt*feT»4. 

'J7l#C«»##C#H. SIC, jg^feM5©T, <g 

[0037] ^4 tt*9M09j0?m«tt-r « saft*' 

■f H 5 0 0<£>4fcjg»fiBI3T?&-5. £OT£fig©rffi0S: 

[0 0 3 8] ST, t»*<t[«ft^$gi^bfc 30 
cI$±ItLfe+)-77'f7SS5 0 ISMOCVDg 

[0 0 3 9] IC-y-77'f7«S5 0 1 KtK3I«: 1 0 L 
/«-8KLfe*«5, 1 1 0 0*C; 1 0#«flE©i!(MQ.?a&iin 

[0 0 4 0] ifeld, r£&£5 5 O'CSTOTS-ti-T, * 
i*15L/^, 4*S5L/^. 7>€r7$10L 

TMG (hU^^tfU^A) S2 5cc/»T 40 
4#fl!#ifcLT. fS30nm©GaN/t777l50 
2£jgfi£bfc. 

[0 0 4 1] *C, TMGfflM$f?]tL. 5 0t/» 
KTCilgTl 1 0 OTC^TTSfiLifc. d«5B*©»»38 
g*<5 OtiO^V^, n-y 7rl 5 0 2©gg*<» 

[0 0 4 2] JfcC. rag£ 1 1 0 O^T^U 7kgt£ 
1 5 L/». ft^£: 5 L/^, 7^7$ 1 0 L/ 

TMGS10 0cc/»T6 0^r«lT, ftfb ' 
^f'J^A**<Sft#i»# (G a N) ©A77715 0 3 50 
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1. 8 tfmtMbt. 
[0 0 4 3] 1 1 0 Ott^UcSS, 

M^^7Xtr>-7>^7. 1 0 c c/ft&mx.T2£>\Z 1 3 
O^lftl&lT, NSGaN3>^?hfttAi5 0 4 
£JP2 4 /imtMLfc. 
[0 0 4 4] &IZ, TMG, ->7>#X*5J;Oyc3fi£>£tt 

8 0 < C£T|S5rabfc. 
[0 0 4 5] i&££7 8 OtTffiltLfeJS, ft 

i$2 0L/», TfcS^lOOcc/^, 7>*-7S 
10L/#, TMGSl2cc/^, TM I (hU*? 1 
;M">>»7A) $150cc/», ->7>^S3cc 
DM Z (,i?*?-)],5?>9) 52 0cc /^6» 

5 0 5 £Jgfi£bfc. 
[0 0 4 6] ^K, ftiH£2 0 L/fr, *5?t£ 10 0c 
c/», T^rrSlOL/^Sll/^S, 1100 

■cs-e^ratfc. 
[0 0 4 7] Jfclt, i i o o^-xrfiwu 

2 0 L/#, 1 5 0 c c/ft. 7> ; En7£ 1 0 

L/#, TMG4l0 0cc/», Cp2Mg (->^D 
^>^>?X-;U^^->-i7A) *50cc/»T10» 
raSgb^^S. J?S0. 3«m©PSGaN3>^7h 
*ffiAi!5 0 6 SJ&Sbfc. 
[0 0 4 8] *HttMlC*V»T»aPS»«l»tbfc 
rj>^ h/I£i£AJI££#iS8T5;i£fe;iTfirc , & 
3>^7hl€:GaN, &AJg£Al 
GaNib, U 7***£A««fcD fen >9Z hB 

[0 0 4 9] ^(C. 3 0 L/fttZWVm 

*.T£»*T*Sb&. £©«fc3&J**©tt*. PIG 
aN»ff>T«Mg«^ 3 xlO" cm" 3 (CMbT, ffitt-fb^ 

—77, M^©#i^^4 0 0"CS-rcDiefflT?ftm2 0 
L/#, 7>^7$10L/^ 4 0 0^*^11* 

sx±&m&-r% z, twzrz. 
[0050] -mz&{txyy&m¥mmz\3.g.mmf 
<r>mmifi$>%>&. *r<Dm±\zitmm-%:<nh<D&r) 

*. foli*ir. ft*icsnx.7> ; exT*^A-r-5.-^* 

b^b, 7>t=7^tf5i, fe^n® 

ft^2(C5^bT7> : £-T l ©SiJ-S-SSd^^c 

[0 0 5 1] CO«t5JCbT^bfcS^ia{COV»T, 
7 5 013, lft<Df*Mm&M-rz\L\Z£K). PSI50 
6<D**VTmg. : &i:z>\zmim$-t£2>Z\i2i)<-eg. 2 x 

io' ' cm- 3 (DPmmskznmTz z. ttfT-ztz. 

[0 0 5 2] «t±©«t5KbT»J«b/t/i«iS 



( 6 ) 
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£. S i o, tzz-nrt? — - U C 1, ZtliZ 
BC1, *tiaz.itU7.tzE*m^T. fcfc'&'t^yz.y 

(R I E) ffiT-gB£N3lG aNH5 0 4 

[0 0 5 3];fcC. PIi5 0 6i:»t«*itl/T. 
N i £ 2 0 nm, 4 0 0 nm (0<£ 5 10). 

it. NSJS5 0 4CMt5fIil/TT i $2 0 nm. 
&£4 0 0 nm (04 1 5 1 1) ZMrfLVft. PMJI'nW 

mstbTta. n i /Au<Dmmm&<D&fr\z. pd, 10 

Ti. Pt, I nCO^-Jl. ^5WJNi1>Au^J6fc 
^TfeBJUBT?**. NIlMDtSil/T 
«, Ti, AuOB4>C. Al, InCD-PH, afc-SWi 

[0 0 5 4] Pffg5 1 0±(CS i O, &<h*£> 

[0 0 5 5] *3Ufi«T?tt. 5»tt^-f KKO^TJK 
f!Ufc4<, *%agcoi&«PSMco3aiaxgTab-5© 
T. £B*iftKUfcVMB0. G a NJRfefflV^***^ 
— tPTt>oIfl|-C3b-5. 20 

[0 0 5 6] H5 4#ILT. 5 fc*#3S#U— +f 

[0057] 05 ir^-r cfc 5 iC-tt7 7<tSffi 7 0 1 <D 
±K. SEfls^fU^AJR^iifr/ly^r* 7 0 2. SMfctf 

y^A*Na*ni«cn>^^ h»7 o 3» mtxyyi* 

7FI7 0 5. gft;** U A^¥«#SttJIJI 7 0 6. 

^ft^fu^A^ps^^^^-v KS7 o 7. ans^fu 

«7 0 9, ftft^fU^ASSPS^Wflca^^^ M17 1 30 

[0 0 5 8] z\z.-c*>m4<Dmhmm\z. K^^-ty 

^ hJl 7 0 3*^ElC^n-5^-t?x->5 1 >^L,. SW 
Lfc^ffifCT^ST i . Au. Ti. A u ©flSjrt?»JB 
UTNS««*»ffcUfc. -t©*^©J**tt. ^2 0 
0 ^m, 4000 A. 200/xm. 1 (tmti^. X. 
afc#U AJRPSl**#=i>^2r f-17 1 0 <D±\Z 
«, S i O: ®[^/r-bTP§/l|S7 1 1 £, T#"b>P 

t. Ti. Pt. T i VMfc-zmmisTMl&Ltz. t<D 40 
S-&CDJ?*«. 5*5^ 200ym. 4000 A. 200« 
m> l«mt^. PS117 1 1H. TA^Pd, T 

i. Pt. Ti*, CrojgjrragLTJgJSLTfcJ: 
^-ro^-g-CD/P^-fS, 2 0 0 u m, 4000 A. 
2 0 0 Mm. 1 jtmti&5. 

[0 0 5 9] gfctflJtfA&^ffcTStt® 7 0 6fcfflV> 

(x) Ga(l-x) Nft«-*#i»**fflV»TV»*. -tOfidS 

«. x = 0.05. y = 0. 95cr>t>©£2 5 AWH^IC. X. 

x = 0. 20. y = 0.80©fc©&2 5 A«/1^C^:^35S(: 50 
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[0 0 6 0] ^©to©g{fc#U^A*i¥##:JittGaN 
$S*tlTfeO, ff*tt0«;ttf-tf-7 7'-f -^S«7 0 1 
# 7 0 u m. SSfls^f U 77l7 0 2ii 

5 0 OA. 3fl:;tf»J9AJRNS¥*#3>*2? hJ17 0 
3** 4 Mm, gWJ^7AlNS#i*l7 0 4**0.3 
urn. mtii^OI^m^m^m^yy K®7 0 5*50. 
2«m. gffctf'J ?A^P 7 >;/ K@7 0 7# 

0.2(im, g{b#U^AjfcPS¥3$#II7 0 8# 0.3y 
m. g{b^7U^A^Pa!¥^«7 0 9# 0.9*im. S 
<b^'J^A^PS^*3>^^ hJ!7 1 0# 0. Urn 

[o o 6 1] x, mx\z. mtrtwi* 

&NWl¥m#Zl>?? h® 7 0 3 4*2 xlC'cm" 3 , gft 
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